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Abstract
Background: The neurobiological basis of autism remains poorly understood. The diagnosis of autism is based
solely on behavioural characteristics because there are currently no reliable biological markers. To test whether the
anterior pituitary hormones and cortisol could be useful as biological markers for autism, we assessed the basal
serum levels of these hormones in subjects with autism and normal controls.
Findings: Using a suspension array system, we determined the serum levels of six anterior pituitary hormones,
including adrenocorticotropic hormone and growth hormone, in 32 drug-naive subjects (aged 6 to 18 years, all
boys) with autism, and 34 healthy controls matched for age and gender. We also determined cortisol levels in
these subjects by enzyme-linked immunosorbent assay. Serum levels of adrenocorticotropic hormone, growth
hormone and cortisol were significantly higher in subjects with autism than in controls. In addition, there was a
significantly positive correlation between cortisol and adrenocorticotropic hormone levels in autism.
Conclusion: Our results suggest that increased basal serum levels of adrenocorticotropic hormone accompanied
by increased cortisol and growth hormone may be useful biological markers for autism.
Introduction
Autism is a neurodevelopmental disorder, categorised as a
pervasive developmental disorder, and is characterised by
severe and sustained impairment in social interaction, by
deviance in communication, and patterns of behaviour
and interest. The aetiology of autism is not well under-
stood, although it is thought to involve genetic, immuno-
logic and environmental factors [1]. The diagnosis of
autism is based solely on behavioural characteristics, as
there is currently no biological marker for autism.
Several studies have examined anterior pituitary hor-
mones as possible biological markers for autism [2-8]. The
anterior pituitary gland synthesises and secretes adreno-
corticotropic hormone (ACTH), growth hormone (GH),
follicle-stimulating hormone (FSH), luteinizing hormone
(LH), thyroid-stimulating hormone (TSH) and prolactin
(PRL). Of these hormones, ACTH deserves special
attention, because it is the hormone involved in the
hypothalamic-pituitary-adrenal (HPA) axis, which may be
affected in autism [3,4,6,9-11]. The HPA axis is the basis
for emotion and social interaction, through the synthesis
and/or release of corticotropin-releasing hormone, ACTH
and cortisol. All previous studies that have measured basal
ACTH levels in autism have shown an increase in the
serum/plasma levels of this hormone [3,4,6,10], except for
one study that showed no difference [7]. Unlike the results
for ACTH, the results for serum cortisol levels in autism
are inconsistent, with studies reporting either no differ-
ence between patients and controls [3,5-7] or a decrease
in patients [4,10]. With regard to the basal serum/plasma
levels of other anterior pituitary hormones in autism spec-
trum disorders (ASDs), the results are again contradictory:
a decrease in patients [7] or no difference from controls
[4] for GH; a decrease in patients [12,13] or no difference
from controls [7] for FSH; and no difference from controls
for TSH and PRL [2,4,7].
The conflicting findings in the measurement of anterior
pituitary hormones in ASDs probably arise because of
differences in the subject population. For instance, many
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however, a recent systemic serum proteome profiling
study pointed out that male and female patients with
Asperger’s disorder had distinct biomarker fingerprints
[7]. Moreover, the secretion of anterior pituitary hor-
mones may be modified by antipsychotic and antiepilep-
tic medications [14-16], which often had not been taken
into consideration in previous studies.
In this study, we assessed the basal concentrations of
anterior pituitary hormone and cortisol in serum from
male, drug-naïve subjects with autism.
Methods
Ethics approval
This study was approved by the ethics committee of the
Hamamatsu University School of Medicine. All partici-
pants and their guardians were given a complete descrip-
tion of the study, and provided written informed consent
before enrolment.
Subjects
In total, 32 boys with autism (aged 6 to 18 years) and 34
healthy controls matched for agen and gender partici-
pated in this study. All the participants were Japanese,
born and living in the Aichi, Gifu or Shizuoka prefec-
tures of central Japan.
Based on interviews and available records, including
those from hospitals, the diagnosis of autism were made
based on the Diagnostic and Statistical Manual, Fourth
Revision, Text Revision (DSM-IV-TR) criteria. The Autism
Diagnostic Interview-Revised (ADI-R) was also conducted
by two of the authors (KJT and KM), both of whom are
experienced and reliable at diagnosing autism with the
Japanese version of the ADI-R. We also used the Wechsler
Intelligence Scale for Children, Third Edition, to evaluate
the intelligence quotient. Comorbid psychiatric illnesses
were excluded by means of the Structured Clinical Inter-
view for DSM-IV (SCID). Participants were excluded from
the study if they had any symptoms of inflammation, a
diagnosis of fragile X syndrome, epileptic seizures, obses-
sive-compulsive disorder, affective disorder, or any addi-
tional psychiatric or neurological diagnosis. All the autistic
subjects were drug-naive, and were not taking any dietary
supplements.
Healthy control subjects were recruited locally by an
advertisement. All control subjects underwent a compre-
hensive assessment of their medical history to eliminate
individuals with any neurological or other medical disor-
ders. The SCID was also conducted to scrutinise any per-
sonal or family history of past or present mental illness.
None of the control subjects initially recruited fulfilled any
of these exclusion criteria.
Fasting blood samples were collected by venipuncture
from all participants between 11.00 and 12.30 hours, and
the samples were kept at room temperature for 30 min-
utes. The samples were then separated by centrifugation,
divided into aliquots of 200 μl, and stored at -80°C until
use. Serum levels of anterior pituitary hormones were
assayed using a suspension array system (Bio-Plex; Bio-
Rad, Hercules, CA, USA), with a panel of pituitary anti-
bodies (Milliplex MAP Human Pituitary Panel; Millipore,
Billerica, MA, USA). This system allows simultaneous
identification of pituitary hormones with antibodies che-
mically attached to fluorescently labelled microbeads.
The beads were resuspended in assay buffer, and the
reaction mixture was quantified using a protein array
reader (Bio-Plex; Bio-Rad). Serum levels of cortisol were
determined using a commercially available sandwich
ELISA kit (R&D Systems, Inc., Minneapolis, MN, USA)
according to the manufacturer’s instructions.
Statistical analysis
Clinical characteristics (age, weight, height and body
mass index (BMI)) were analysed using an unpaired t-
test, after confirmation that there were no significant dif-
ferences in variance as assessed by the F-test. Compari-
sons of concentrations of anterior pituitary hormones
and cortisol between subjects with autism and controls
were made using the Mann-Whitney U-test. In these
multiple comparisons, a Bonferroni-adjusted nominal
P-value threshold of 0.007 was used. Evaluation of the
relationships between serum hormone levels and clinical
variables or symptom profiles, and those between hor-
mone levels, was performed using Spearman’sr a n kc o r -
relation coefficient. Additionally, linear regression
analyses were conducted to examine whether any change
in the hormone levels could be accounted for by another
variable, such as age or the levels of other hormones.
Values of P < 0.05 were considered significant. All statis-
tical analyses were performed using SPSS software
(version 12.0 J; IBM, Tokyo, Japan).
Results
The characteristics of all the participants are sum-
marised in Table 1. There were no significant differ-
ences in the distributions of age, weight, height or BMI
between the autism group and the control group.
The serum levels of ACTH were 11.6 ± 5.1 pg/mL in
subjects with autism and 7.2 ± 3.1 pg/mL in controls.
Therefore, the level of ACTH in subjects with autism
was significantly higher than that in controls (U = 185.0,
P < 0.001, by Mann-Whitney U-test) (Table 1, Figure
1A). The serum levels of GH in subjects with autism
(6495.4 ± 9072.2 pg/mL) were also significantly higher
than those in controls (1590.1 ± 2447.5 pg/mL; U =
305.0, P = 0.002, Mann-Whitney U-test) (Table 1, Figure
1B). We carried out regression analyses to test the effect
of age and other hormones on GH levels, because these
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and measured hormone levels (FSH, LH, TSH, PRL,
ACTH and cortisol), we confirmed a significant differ-
ence in GH levels (F(1,63) =9 . 5 0 4 ,P =0 . 0 0 3f o ra g e ;
F(1,63) = 7.238, P = 0.009 for FSH; F(1,63) = 8.429, P =
0.005 for LH; F(1,63) = 9.891, P = 0.003 for TSH; F(1,63) =
9.033, P =0 . 0 0 4f o rP R L ;F(1,62) =6 . 6 1 1 ,P =0 . 0 1 3f o r
ACTH; and F(1,60) = 4.687, P =0 . 0 3 4f o rc o r t i s o l )
between subjects with autism and controls. There were
no significant differences in FSH, LH, TSH or PRL levels
between autistic and control subjects (Table 1).
The serum levels of cortisol were 74.2 ± 20.0 ng/mL in
subjects with autism and 58.3 ± 25.3 ng/mL in controls.
Therefore, the level of cortisol in subjects with autism
was significantly higher than that in controls (U = 289.0,
P =0 . 0 0 4 ,M a n n - W h i t n e yU-test) (Table 1, Figure 1C).
There was a significantly positive correlation between
cortisol and ACTH levels in subjects with autism (rs =
0.562, P < 0.001, Spearman’s rank correlation coefficient)
(Figure 1D). We also examined the correlations between
serum ACTH, GH and cortisol levels and the symptom
profiles in subjects with autism. The ADI-R domain A,
BV, and C scores were used as the symptom profiles.
There were no significant correlations between the levels
of any of the hormones and the symptom profiles (data
not shown).
Discussion
We found that serum levels of ACTH and cortisol in
subjects with autism were significantly higher than those
in healthy controls. When the relationship between the
levels of ACTH and cortisol was examined in subjects
with autism, the levels of ACTH were significantly and
positively correlated with the levels of cortisol, suggesting
that in autism, cortisol secretion may be upregulated by
increasing ACTH through the HPA axis [20]. It is possi-
ble that people with autism respond to the stress of veni-
puncture with activation of the HPA axis, leading to the
elevation of ACTH; however, in this study, we found that
the venipuncture effect was the same in autistic and con-
trol subjects, and therefore the observed differences are
more likely to be due to the pathology of autism than to
acute stress.
An increase in ACTH levels in people with autism is
the most consistent result reported from studies of ante-
rior pituitary hormones [3,4,6,10]. In functional imaging
studies of the limbic system, which is the neural basis of
emotions and social interactions, people with autism
have been shown to have impaired circuitry in extin-
guishing fear responses [21]. Because the limbic system
influences the HPA axis [22], the abnormal levels of
ACTH and cortisol may be due to alterations in limbic
system function [8,23].
Table 1 Clinical characteristics of the normal controls and subjects with autism
a
Control group (n = 34) Autism group (n = 32) P-value
Age, years 12.4 ± 2.6 (6 to 18) 12.3 ± 3.2 (6 to 18) NS
Weight, kg 42.3 ± 14.3 (15.6 to 89.3) 41.8 ± 15.0 (17.5 to 96.6) NS
Height, cm 150.8 ± 14.8 (111 to 174) 148.7 ± 17.9 (110 to 178) NS
BMI, kg/m
2 18.1 ± 3.5 (12.7 to 32.4) 18.3 ± 3.1 (13.9 to 30.5) NS
ADI-R
Domain A score - 20.2 ± 4.9 (10 to 27) -
Domain BV score - 13.6 ± 3.9 (8 to 21) -
Domain C score - 5.4 ± 2.0 (3 to 9) -
Domain D score - 3.1 ± 1.0 (2 to 5) -
WISC-III
Verbal IQ - 91.3 ± 21.6 (48 to 133) -
Performance IQ - 95.3 ± 21.1 (47 to 131) -
Full-scale IQ - 91.0 ± 23.2 (44 to 134) -
Anterior pituitary hormones
ACTH, pg/mL 7.2 ± 3.1 (3.7 to 14.2) 11.6 ± 5.1 (3.7 to 26.3) < 0.001
GH, pg/mL 1590.1 ± 2447.5 (34.8 to 13708.0) 6495.4 ± 9072.2 (30.7 to 34811.5) 0.002
FSH, mIU/mL 3.8 ± 2.0 (0.8 to 8.1) 5.7 ± 3.7 (0.6 to 16.4) NS
LH, mIU/mL 1.4 ± 1.7 (0.1 to 7.1) 2.5 ± 2.5 (0.1 to 11.8) NS
TSH, μIU/mL 3.6 ± 1.4 (1.0 to 7.4) 3.3 ± 2.2 (0.3 to 11.2) NS
PRL, ng/mL 20.9 ± 9.1 (4.4 to 38.0) 25.2 ± 14.0 (8.2 to 66.9) NS
Cortisol, ng/mL 58.3 ± 25.3 (16.8 to 116.8) 74.2 ± 20.0 (23.5 to 101.5) 0.004
aValues are expressed as mean ± SD(range).
Abbreviations: BMI, body mass index; ADI-R, Autism Diagnostic Interview-Revised; WISC-III, the third edition of the Wechsler Intelligence Scale for Children; IQ,
intelligence quotient; ACTH, adrenocorticotropic hormone; GH, growth hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone; TSH, thyroid-
stimulating hormone; PRL, prolactin; NS, not significant.
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of cortisol in subjects with autism, previous studies have
reported low or no overt change in cortisol levels in aut-
ism [3-7,10]. Cortisol levels can be modified by psycho-
tropic medications [14,15]; we recruited drug-naive
subjects in this study, and all the previous studies [3,5,6],
except one [4], have used drug-free subjects to examine
cortisol levels. Therefore, it is unlikely that the discre-
pancy between the present and previous results arose
because of differences in the medication status of the
participants. This, in turn, suggests that an alternative
explanation is required. The present study included only
male subjects, whereas previous studies comprised both
male and female subjects [3-6,10]. In addition, the age
range of the participants of the present study (6 to 18
years) was different from that of some of the previous
studies, which enrolled adults only [5-7]. Furthermore,
we collected the blood samples at around midday,
whereas previous studies used samples collected in the
morning [3-6,10]. Gender [7], age [24] and sampling time
[24] are all known to be important factors influencing
the cortisol level.
We also found that serum levels of GH in subjects with
autism were significantly higher than those in healthy
controls. There are no available data to interpret this
increased GH in basal conditions in autism. However,
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Figure 1 Serum levels of adrenocorticotropic hormone (ACTH), growth hormone (GH) and cortisol in normal controls and children
with autism. (A) The serum levels of ACTH in subjects with autism (n = 32) were significantly higher (P < 0.001, Mann-Whitney U-test) than
those in normal controls (n = 34). Two autistic subjects had very high values, but there were no apparent differences in clinical parameters
between these subjects and the others. (B) The serum levels of GH in subjects with autism (n = 32) were significantly higher (P = 0.002, Mann-
Whitney U-test) than those in normal controls (n = 34). Four autistic subjects (which did not include the two with high ACTH) had very high GH
values; again, there were no overt differences in clinical features between these four subjects and the others. (C) The serum levels of cortisol in
subjects with autism (n = 32) were significantly higher (P = 0.004, Mann-Whitney U-test) than those in normal controls (n = 34). (D) Correlation
between serum cortisol levels and ACTH levels in subjects with autism. There was a positive correlation (P < 0.001, Spearman’s rs = 0.562)
between these hormone levels.
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to be increased in adults with autism [25], and because
intravenous administration of excitatory amino acids sti-
mulates GH secretion [26-28], the increased basal GH
levels in autism seen in our study may, at least in part, be
due to a high concentration of glutamate in the
circulation.
In this study, we found no significant correlations
between cortisol levels and autistic symptoms as assessed
by the ADI-R. This is in contrast to the results of Hamza
et al. [10], who found an inverse correlation between
hormone-stimulated plasma cortisol levels and the sever-
ity of autistic symptoms as assessed by the Childhood
Autism Rating Scale. This discrepancy may be caused by
the different scales used for the evaluation of clinical
features.
There are some limitations to our study. The small
sample size renders the data presented here preliminary.
In addition, the study included only male participants. A
larger study with subjects of both genders will be neces-
sary, although separate analysis may still be warranted to
eliminate the confounding effect of gender on hormone
levels.
Conclusion
Our results suggest that increased basal serum levels of
ACTH accompanied by increased cortisol and GH may
be useful biological markers for autism.
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